Topographic maps of the sensory periphery, and patterning within these maps are characteristic features of primary sensory neocortical areas. In normal laboratory rodents, layer IV of the primary somatosensory (SI) cortex contains a body map proportionate to the sensory receptor density in the periphery. Within this cortical map, thalamocortical axon terminals (TCAs) from the ventroposteromedial nucleus (VPM) and layer IV granule cells form discrete modules ('barrels') that replicate the patterned array of whiskers and sinus hairs on the contralateral snout (Fig. 1) . Since the coining of the term 'barrels' 1 , lesion studies noted that when the sensory periphery is damaged during perinatal times, TCAs fail to develop their normal patterning. Consequently, layer IV granule cells do not form or maintain barrels as cytoarchitectonic modules [2] [3] [4] . Aberrant numbers of whiskers on the snout are also reflected by corresponding patterns in the SI barrel cortex 5 . Functional alterations in the barrel cortex of adult animals that have undergone whisker lesions or trimming have also been noted [6] [7] [8] . Several lines of evidence indicate that somatosensory peripheryrelated neural maps and patterns are conveyed by the afferents at each synaptic relay station [9] [10] [11] [12] . However, the mechanisms by which TCAs develop patterns and how their postsynaptic partners detect them are not well understood. Recent observations from mutant mouse models have opened new venues for understanding the mechanisms of barrel differentiation 13, 14 (Fig. 2) .
Gene deletion studies and in vitro assays are now revealing the molecular signals that direct topographic thalamocortical connections. For example, absence of several transcription factors prevents the normal pattern of gene expression in the thalamus and pathfinding of TCAs (Refs 15-17). Similar results have been found for the guidance molecule, semaphorin 6A (Ref. 18) . Although these mutations prevent the ability of TCAs to reach appropriate cortical regions, other classes of molecules are involved in thalamocortical mapping 13, 14, [19] [20] [21] . For example, EphrinA5 knockout (KO) mice display both a distorted face map and distorted alignment of TCAs in this region, yet distinct barrel patterns are present 19 . Developing TCAs transiently express growth-associated phosphoprotein GAP43 (Ref. 20) . In Gap43 KO mice, thalamocortical topography is severely disrupted and aberrant patches formed by TCAs no longer reflect the spatial organization of whiskers and sinus hairs 21 . Several neurotransmitters have also been shown to affect barrel patterning. To date, research on transgenic mice lacking a particular gene or combination of genes suggests two gross subdivisions of neurotransmitter receptor activity that are crucial for normal barrel development: presynaptic serotonergic receptor activity and postsynaptic glutamatergic receptor activity (Fig. 3) .
Serotonergic autoregulation of thalamocortical patterning
In the late 1980s whisker-specific patterning of serotonergic fibers was noted in the developing rodent barrel cortex 22, 23 . Combined immunohistochemistry and labeling of TCAs with lipophilic tracers, revealed that TCAs form periphery-related patterns first, followed by serotonin (5-HT)-positive fiber patterns 24, 25 . Initially, it was thought that 5-HTpositive raphecortical projections mimicked TCA patterns [22] [23] [24] [25] [26] [27] . A more recent study revealed that these 5-HT patterns actually reflect TCAs rather than raphecortical terminals 28 . Intriguingly, developing TCAs transiently express 5-HT 1B receptor 29 and the serotonin transporter (SERT/5-HTT), and thalamic neurons express the genes encoding 5-HTT and the vesicular monoamine transporter (VMAT2) 28, 30 (Fig. 3) . 
